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Abstract 



PROBLEM TO BE SOLVED: To provide a stably storable and reusable new La-bonded BINOL complex for 
asymmetric Michael reaction. 

SOLUTION: There is provided a compound expressed by general formula 1 and a catalyst composition 
containing the compound. More particularly, it provides the catalyst composition catalyzing asymmetric 
Michael reaction comprising the addition reaction of a &beta -dicarbonyl compound and a cyclic or acyclic 
enone and a method for producing the addition product of the &beta -dicarbonyl compound and the cyclic or 
acyclic enone by reacting in the presence of the catalyst composition. 
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T«OH 




17 



[0040] [»»092-8] (R)-3-[b'^(^ 
h^^/P*-^) -XfvP] >>7xj*??J> ( 1 
8 ) : m&Wito ; I R (ffifh) v 2952.173 
3. 1 696cm -1 ; 1 H NMR ( CDC 1 3 ) <5* 1. 
29-1. 51 (m. 4H). 1. 58-1. 73 
(m. 2H). 1. 80-1. 91 (m. 2H) . 2. 
32 (cldd. J = 3. 5. 5. 5. 13. 4Hz. 1 
H). 2. 37(ddd. J = l . 2. 3. 5. 13. 
7Hz, 1H). 2. 49 (dd, J=ll. 7. 1 
3. 7 Hz. 1H). 2. 57 (ddd. J = 4. 8. 
11. 0. 13. 4Hz. 1H). 2. 79-2. 87 
(m. 1H). 3. 36 (d. J = 7. 4Hz. 1 
H). 3. 736 (s. 3H). 3. 740 (s. 3 
; 13 C NMR(CDC1 3 ) 23. 6. 2 
8. 26. 9. 31. 3. 36. 3.42. 1.4 
0.52.5.56.9.1 68. 7. 168. 
2 15. 3 ; MS m/z 2 56 [M* ] ; 



H) 
5. 
5. 
8. 



[a] D 24 -28. 1 (c 0. 698 CHC1 
3 (9 9%ee)) ; HPLC (DAICEL CHIRALPAK AS. 

2-To^v-;i//^Mf>- io/9(K8B£i. o 

mL/$h 210nmT'W^tfi) t R 2 9# (±) R 
V3 5# (§«) . 
[«fcW2-9] (R) 

ift; IR (ttA) 2 92 7 



(19): m&CO 
1732. 1700c 




Bn 

HC1 3 (>99%ee) ) ; HRMS [M + ] C 18 
H 12 O 5 c0»aiffl: 24 2. 1 1 5 4 ; SUM : 2 4 
2. 1165. 

[0038] 17 <n%svm± . WTIZttC? X o tCXf- 

(DAICEL CHIRALCEL OD. 2-ro;V-^A*f^ 
3/9 7.86*0. 8mL/#. 2 10nmTl$£B. 
t R 26 (±) RV28tt (M) ) tCioT^L 

[0039] 
[*1 1] 



<r COOCH 3 



m i ; 1 HNMR (CDC 1 3 ) S 1.25-1.47 
(m. 5H). 1. 50-1. 60(m, 3H). 1. 
72-1. 8 6 (m. 2H). 2. 31-2. 39 
(m. 2H) . 2. 47-2. 55 (m. 2H). 2. 
87-2. 94 (m. 1H). 3. 45 (d. J = 7. 
4Hz. 1H). 5. 14 (d. J=12. 1Hz, 1 
H+lH^w^777) . 5. 16 (d. J = l 2. 
1Hz. 1H). 5. 17 (d. J = 1 2. 1Hz. 1 
H).7. 28-7. 35 (m. 10H) ; 13 C NM 
R(CDC1 3 ) ^ 23.0. 24.5. 26.0 

1. 26. 04. 31. 2. 35. 3. 43. 1.4 
7.1.57.7. 67.1.67.2.1 28. 2 
9. 128. 33. 1 28. 4. 128. 6. 135. 

2. 168. 0. 168. 1.215. 6 ; MS m/ 
z 422 [M + ] ; [a] D 23 - 9 - 1 0. 8 (c 
0.855 CHCI3 (82% ee));HPLC 
(DAICEL CHIRALPAK AS. 2-r^V-*/Mt> 

10/9 0. ffip&O. 6mL/#. 2 10nmt^ 
tU) t R 3 24M9J)&tf4 1#(±>. 
[H*M2-10] (R)-O-^ 2-(^;P 
^ioJ/Ptf-A') - 3-^^;U- 5-^-^rV- 5-7 
x^K>^yx-h ( 2 1 ) : I R (*6A) i/ 2 9 
64. 173 1. 1 682cm' 1 NMR ( C D 

C 1 3 ) ) d 1 . 0 5 ( d. J = 6. 7Hz. 3 
H). 2. 85 (dd. J = 8. 6. 16. 8Hz. 1 
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H), 2. 95-3. 04 (m„ 1H) . 3. 17 (d 
d. J=4. 6. 16. 8Hz, 1H) % 3. 59 
(cL J = 6. 4Hz, 1H), 5. 11 <d s J = l 
2. 2 Hz. 1H), 5. 13 (d. J = 10. OH 

1 H) . 5. 14 (d, J = 10. OHz. 1 
H) s 5. 16 (d, J = 12. 2Hz, 1H), 7. 
25-7. 3 2 (m. 10H) . 7. 40 (dd, J- 
7. 3. 8. 5Hz. 2H) N 7. 53 (tt, J = 

1. 2. 7. 3Hz. 1H) . 7. 85 (dd, J = 
1.2.8. 5Hz, 2H) ; 13 C NMR(CDC1 
3 ) a 1 7.8.29.5.42.5. 56.4.6 

7. 0. 67. 1. 128. 1. 1 28. 27. 1 2 

8. 34. 1 28. 5. 1 28. 6. 1 33. 0. 1 3 
5. 3. 1 36. 8. 168. 3. 168. 4. 1 9 
8. 5;MS m/z 430 [M+] ; [«] D 23 - 

2. 1 2 (c 1.04 CHC 1 3 (78%e 

e) ) ; HPLC (DAICEL CHIRALPAK AD. 2-7'DA' 
J-}V/^*r> 4/9 6. SBSO. 5mL/^ 2 
4 0nmt«) t R 5 8*(±)M'6 3^ 

(I'J) o 

[58*tW2-ll] (R) 2 -(^h^i/ 

^yx-h (22) : 5*5*2 2ti-rt'fc:$K^3 
ftTV^&o Martens, J. J.;Hegedus, L. S. ;Taraariz, 
J. J. Org. Chem. 1991, 56 , 5666£#B&9C: t . £T 

o7t, [a] D 22 -4. 9 0 (c 1.47 CHC 
1 3 ( 7 4%e e ) ) ; HPLC (DAICEL CHIRALPAK A 



5, 2-rDA7^/Mty 4/9 6. SKiSO. 
3mL/», 24 0nmTOt»ifi) t R 44* (M) 
5^4 8^ (±> 0 

[SOMH2-12] (S)-X^ 2-**V-l- 

b (25) : *tfeC0*fi ; I R (HA) v 17 18.1 
244cm-i;iH NMR (CDC 1 3 ) d 1.26 
(t. J = 7. 1Hz. 3H) , 1. 40-1. 51 
(m. 1H) . .1. 5 8-1. 89 (m. 4H) . 1. 
95-2. 14 (m, 2H) . 2. 12(s s 3H) > 
2. 28-2. 64 (m. 5H) , 4. 16-4. 25 
(m. 2H) ; 13 C NMR(CDC1 3 ) d 14. 

1. 22. 5. 27. 5. 28. 4. 29. 9. 36. 

6. 38. 8.41. 0. 59. 9. 61. 3. 17 

2. 0. 207. 7. 207. 9 ;MS m/z 24 0 
[M*] ; [<*] 5 77 25 -65. 2 (c 1.31 C 

C 1 4 (75%ee) ) ; C 13 H 20 OtCOftffiM&m : 
C. 64. 98; H. 8. 39 HSlJffl : C . 6 4. 6 
9 ; H. 8. 17. 

[0041 ] 2 5c0*mj£te. OTfc^-TJ: 3 tcx^ 

(DAICEL CHIRALCEL OJ. 2 — )V/^^jr> 
10/90,il0. 4mL/^ 22 0nmTO«t 
t R 18* (») SiXf 22% <=fe) ) fclioTi* 

[0042] 
[flll2] 



6^ 



a. 



.TeOH 




[00433 [ JlSfetfB ] (SWS^M^f+dllSjiW^ 

(R, R) -La-MB I NOL§gffc4 (225m 
g. 0. 3 5 L/^/K 1 0*^%) (d-7 8°CTDME 

(7. 5mL) frjlSjDL. »Cl^tf5a-&«i«rlS*4*« 
^KSIW I.^T'S^AHC:^^,, Cl<0#gtic4<0DM 
KW$&Z2-i'W^**:V-\-*V ( 1 ) (0. 2 
9 m L . 3 . 0 5 'J ) StfVO -ytoisKyisiV 

(2) (0. 75mL s 3. 0 5 D*:/P) £- 7 8°CT 
^SDL^„ <r<9»£^i^}£4*C(;:lg*X HtSKTl 
1 OWf^ffLTt. R|636%TLfc«, 0Xrc*C*>' 

oomL) iRfem^mizmaL, ^n^mt^&T 

tmi^y^y ( 1 0mLx2) TWLft. &h-£tz 
±jff^RJE$r IN H C 1 £ t IZ J: o 

TffihS-fr. Et,o-c*mt, Na 2 S0 4 -CS6«5 



T-bhV) TfMBU 3 (940. 3mg. 82%) £ 

T (R. R) -La-ilMBI N O L«K*4 £iSWfi|& 
*i:LTf#, <I;h.£. fff'JffifcSfci^T. 0°CT4^ 
THF (6. OmL) YfflJIUt:. i&ETT 1 H 
FfcBfcSLfcflL EllRLfc«fc4£??f«8U!:. 

( R, R) -Ga-L i -jI«£B I NOLScoffimizm 
%7*/Hteft ( (R. R) -La-»iKb"7xy 
WfHUCfcSfMMfcitTofc. *-f, (R, 
R) -Ga-L i -iI*£B I NO L(C*J(tS (f'll^M 

(GaMLa) aif^xywHtRSIS^W^f-*^ 

(LiWH) ZmM~r&Ztlz£r) (R. R) -La 
-i«SB I NOLOtHifi^it. fcftO&jfcftiUH* 
§^ (random conformational search) , V ^^>*9>-S> Monte 

Carlo S(10, 0 0 O^f'/T) . »WC#*M6 
ft/Mt (Cerius 2 (Molecular Simulations Inc.) XHf 
3 UNIVERSAL ^J^i7 ( v . i. 0 2) ftW) Srffi^ 
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T. (R, R) -La-^iSB I NOL^*fix*K 
-A*IEffi«r»fc. mt. (R, R)-GaLi-Kg 
B I N O L<7)mm<imm£&fflktZ> d^CiD ( R , 
R) -La-ttVy*S-)Wmito&*ftte. *b i 
nitio ff-Jt (Gaussian 98 19 (Gaussian Inc.) SrffJv^S 
HF/LanL2DZ 18 U<;l^) Jrffl^T ( R, R) -La-i 

calculation 



mmim (r. r) -La-iiMt'7x/-/i^:*:#3: 

Kfi »t 4 v v 9 y t mm t <o$mi± 9Xf«v y°<r>t\%<D 

[0 044] 
Hfcl 3] 





(R.RhGaLMmked-BINOL 
from X*ray structure 
Ga-O': 4.62 A 

[0045] ##^CSR : 
(1) For a recent review, see: 
mmetric Catalysis; Jacobsen, E. N. 



( R,R)-La-Hnked-BiNOL 
from MM calculation . 
Lar-O": 3.02 A 

izu, S. 



(atyLa-linked-biphenol 
from ab initio calculation 
La-O": 2,65-2.69 A 
T.; Shibasaki, M. Chirality, 200 



Comprehensive Asy 
, Pfaltz, A., Yam 



amoto, H., Eds.; Springer: New York; 1999; Chapte 
r 38. 

(2) For examples of recycling of the polymer-supp 
orted asymmetriccatalysts itself, see: (a) Nozak 
i, K. ; Itoi, Y. ; Shibahara, F. ; Shirakawa, E. ; Oht 
a, T. ; Takaya, H. ; Hiyama, T. J. Am. Chem. Soc. 19 
98, 120, 4051. (b) Annis, D. A.; Jacobsen, E. N. 
J. Am. Chem. Soc. 1999, 121, 4147. (c) Sellner, 
H.; Seebach. D. Angew. Chem., Int. Ed. Engl. 1999, 

38, 1918. (d) Heckel, A.; Seebach, D. angew. Che 
m., int. Ed. Engl. 2000, 39,163. (e) Vachal, P.; 
Jacobsen, E.N. Org. Lett. 2000, 2, 867. 

(3) For a example of recycling of the polymer-sup 
ported metal andthe chiral ligand independently, s 
ee: Kobayashi, S. ; Endo, M. ; Nagayama, S. J. Am. 
Chem. Soc. 1999. 121, 11229. 

(4) (a) Martinez, L. E. ; Leighton, J. L. ; Carste 
n, D. H. ; Jacobsen, E. N. J. Am. Chem. Soc. 1995, 
117. 5897. (b) Tokunaga, M. ; Larrow, J.F.; Kakiuc 
hi, F. ; Jacobsen, E. N. Science 1997. 277, 936. 

(5) For a recent review, see: Lewis Acid Reagent 
s. A Practical Approach; Yamamoto, H. , Ed. ; Oxfor 
d University Press: New York; 1999. 

(6) Matsunaga, S. ; Das, J.; Roels, J.; Vogl, E. 

M. ; Yamamoto, N. ; Iida, T. ; Yamaguchi, K. ; Shibasa 
ki, M. J. Am. Chem. Soc. 2000, 122, 2252. 

(7) The X-ray data of LiCl free Ga-Li-1 inked-BINO 
L complex showedthat there was no coordination bet 
ween oxygen in the linker and gal Hum. See Ref. 
(6). 

(8) (a) Magnus, P.; Sear, N.L. ; Kim, C. S. ; Vicke 
r, N. J. Org. Chem. 1992, 57, 70. (b) Shimizu, 

S. ; Ohori, K. ; Arai, T. ; Sasai, H. ; Shibasaki, M. 
J. Org. Chem. 1998, 63, 7547. (c) Ohori, K. ; Shim 



Ohshima 

0, 12, 401. 

(9) For a review, see: Shibasaki, M. ; Sasai, H. ; 
Arai, T. Angew. Chem., Int. Ed. Engl. 1997, 36, 12 

36. 

(10) For recent revies, see: (a) Comprehensive As 
ymmetric Catalysis; Jacobsen, E. N. , Pfaltz, A., Y 
amamoto, H., Eds.; Springer: New York; 1999; Chapt 
er 31- (b) Tye, H. J. Chem. Soc., Perkin Trans. 

1, 2000, 275. 

(11) For a representative example of the catalytic 
asymmetric Michael reactions of enones with malon 

ates, see: Yamaguchi, M. ; Shiraishi, T. ; Hirama, 
M. J. Org. Chem. 1996, 61, 3520. 

(12) For representative examples of other catalyti 
c asymmetric Michael reactions, see: (a) Feringa, 

B. L.; Pineschi, M. ; Arnold, L. A.; Imbos, R. ; de 
Vries, A. H. M. Angew. Chem., Int. Ed. Engl. 199 

7, 36, 2620. (b) Takaya, Y. ; Ogasawara, M. ; Hayash 
i, T.; Sakai, M. ; Miyaura, N. J.Am. Chem. Soc. 199 

8, 120, 5579. (c) Corey, E. J.; Noe, M. C. ; Xu, 
F. Tetrahedron Lett.. 1998, 39, 5347. (d) Evans, 
D. A.; Rovis, T.; Kozlowski,M. C. ; Tedrow, J. S. 

J. Am. Chem. Soc. 1999. 121, 1994. (e) Ji , J.; Ba 
rnes, D. M. ; Zhang, J.; King. S. A.; Wittenberger, 
S. J.; Morton, H. E.J. Am. Chem. Soc. 1999. 121, 
10215 and references cited therein. 

(13) La(0-i-Pr) 3 can be purchased from Kojundo Che 
mical LaboratoryCo. , Ltd., 5-1-28, Chiyoda, Sakado 
-shi, Saitama 350-0214, Japan (fax: +(81) -492-84-1 
351). 

(14) Computational optimization of a model compoun 
d (La-1 in ked-bi phenol complex) using molecular mec 
hanics calculation followed by ab initio calculati 
on indicated that the distance between lanthanum a 
nd oxygen in the linker should be 2.62-2.69 A, whi 
ch is nearly equal to that between lanthanum and p 
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henolic oxygen (2.58-2.65 A). It seems reasonable 
to consider that the oxygen atom in the linker wo 
uld also function as coord i native moiety and so li 
nked-OBINOL would function as pentadentate ligandt 
oward la, thus making the La-linked-BINOL complex 
4 unusually stable. See Supporting Information for 
details and references to the calculation. 

(15) The absolute configurations of 18, 19, 21 and 
22 were tentatively determined on the basis of th 

e previous results. See Ref. (9). 

(16) The recovered powdered complex 4 contained c 
a. 10-15% of 3. 

(17) (a) Rappe, A.K. ; Casewit, C. J.; Colwell, K. 
A.; Goddard 111, W.A. ; Skiff, W.M. ; J. Am. Chem. s 
oc. 1992, 114, 10024. (b) Casewit, C. J. ; Colwel 
1, K.S.; Rappe, A. K. J. Am Chem. Soc. 1992, 114, 
10035. (c) Casewit, C. J.; Colwell, K. S. ; Rappe, 

A. K. J. Am. Chem. Soc. 1992, 114,10046. (d) Rap 
pe, A. K.; Colwell, K. S. ; Casewit, C. J. Inorg. C 
hem., 1993, 32, 3438. 

(18) Gaussian 98, Revision A. 7, M. J. Frisch, G. 
W. Trucks, H. B Schlegel, G. E. Scuseria, M. A. Ro 
bb, J. R. Cheeseman, V. G. Zakrzewski, J. A. Montg 



ornery, Jr. , R. E. Stratmann, J. C. Burant, S. Dapp 
rich, J. M.Millam, A. D. Daniels, K. N. Kukdin, M. 
C. Strain, 0. Farkas, J. Tomasi,V. Barone, M. Cos 
si, R. Cammi, B. Mennucci, C. Pomelli, C. Adamo, 
S. Clifford. J. Ochterski, G. A. Petersson, P. Y. 
Ayala, Q. Cui, K. Morokuma.D. K. Malick, A. D. Rab 
uck, K. Raghavachari, J. B. Foresman, J. Cioslowsk 

1, J. V. Ortiz, A. G. Baboul, B. B. Stefanov, G. L 
iu, A. Liashenko, P.Piskorz, I. Komaromi, R. Gompe 
rts, R. L. Martin, D. J. Fox, T. Keith, M. A. Al-L 
aham, C. Y. Peng, A. Nanayakkara, C. Gonzalez, M. 
Challacombe,P. M. W. Gill, B. Johnson. W. Chem, M. 

W. Wong, J. L. Andres, C. Gonzalez, M. Head-Gordo 
n, E. S. Replogle, and J. A. Pople, Gaussian, In 
c. , Pittsburgh PA, 1998. 

(19) (a) Dunning Jr., T. H. , Hay, P. J. In Modem 
Theoretical Chemistry; Schaefer III, H. F. , Ed.; P 
lenum: New York, 1976; vol. 3, 1. (b)Hay, P. J.; 
Wadt, W. R. J. Chem. Phys. 1985, 81, 170. (c) Wad 
t, W. R.;Hay, P. J. J. Chem. Phys. 1985, 82, 284. 
(d) Hay, P. J.; Wadt, W. R. J. Chem. Phys. 1985, 8 

2, 299. 



r-73-K (##) 

A 
Z 
Z 



300 



F*-A(##) 4C022 DA06 FA03 

4G069 AA06 AA08 BA27A BA27B 
BC42A BC42B BE05A BE05B 
BE36A BE36B CB57 CB59 
DA02 FA01 

4H006 AA02 AC21 AC44 AC48 BA08 
BA45 BJ20 BJ50 BR70 FC54 
FE13 GP01 GP12 KA31 KF21 

4H039 CA62 CA66 CF10 

4H048 VA70 VB10 



(5i) int. ci . ? mmv% 

C 0 7 C 69/716 

69/757 
C0 7D 317/60 
317/72 

// C 0 7 B 61/00 3 0 0 

C07M 7:00 



F I 

C O 7 C 69/716 

69/757 
C0 7D 317/60 
317/72 
C0 7B 61/00 
C07M 7:00 



